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INTRODUCTION
Bone turnover can be viewed as the net product of two counteracting 
metabolic processes, bone formation and bone resorption. The bal-
ance between osteoblastic activity of bone formation and osteoclas-
tic activity of bone resorption depends on age, nutrition, and physi-
cal activity. Physical exercise is a known source of bone turnover and 
is recommended for preventing bone metabolism problems.
It is recognized that weight-bearing exercises ensure increased 
bone turnover in adulthood [40]. This gain is clearly exhibited through 
the increase in bone formation markers [22] and the basal level of 
anabolic and catabolic hormones affecting bone [44]. Bone formation 
markers are more sensitive to physical activity than bone resorp-
tion 6]. We chose to study two markers of bone formation, osteocal-
cin (OC) and bone alkaline phosphatase (BAP), and a single bone 
resorption marker, cross-linked C-terminal telopeptide of type I col-
lagen (CTX). BAP increased after 1 month of an aerobic exercise 
programme and normalized after 2 months, but OC increased after 
2 months of an anaerobic exercise programme [6]. Among healthy 
premenopausal women, minor changes in physical activity are as-
sociated with a clear effect on bone formation markers [3].   
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ABSTRACT: Objectives: To examine the effects of volleyball on hormones and biochemical markers before puberty. 
Methods: 130 prepubescent white boys were investigated in this study. 80 prepubescent volleyball players were 
divided into two groups according to the duration of training: 40 (age: 11.5 ± 0.6 years), representing the high-
level training group (HLG), completed 6 to 8 hours of training/week; 40 (age: 11.2 ± 0.7 years), representing   
the low-level training group (LLG), completed 3 to 5 hours of training/week. The other 50 non-athletic boys (age: 
11.3 ± 0.2 years) were used as control subjects (C). Results: Serum concentration of growth hormone (GH), insulin-
like growth factor 1 (IGF-1) and carrier protein 3 (IGFBP-3), cortisol, bone formation markers (osteocalcin [OC] and 
bone alkaline phosphatase [BAP], and a bone resorption marker (cross-linked C-terminal telopeptide of type I 
collagen [CTX] were measured. No difference in CTX was observed among the three groups. However, the HLG 
presented higher levels of bone formation markers (OC, BAP) compared to controls. Hormonal concentrations of 
GH, IGF-1, IGFBP-3, and cortisol were higher in HLG than in controls. Conclusion: Volleyball did not lead to enhanced 
bone turnover markers and anabolic hormones of bone after a low-training level when compared to controls. 
Indeed, a high-training level induces enhanced bone formation markers and basal concentration of anabolic (GH, 
IGF-1, and IGFBP-3) and catabolic (cortisol) hormones of bone metabolism. Therefore, basal hormone concentrations 
and bone formation markers were directly related to the intensity and the duration of the training level.
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However, most studies have shown that physical activity during   
the prepubertal stage is insufficient for modifying serum concentra-
tions of bone metabolism markers [28,47]. In fact, growth hormone 
(GH), insulin-like growth factor-1 (IGF-1) and carrier protein 3 
(IGFBP-3) are considered as the most important anabolic hormones 
in the body [27], and positively affect bone turnover by stimulating 
osteoblast proliferation and differentiation [41]. 
The GH/IGF-1 axis is the key regulator of somatic growth in hu-
mans. GH action on bone is mainly mediated through IGF-1. Elevat-
ed rates of GH, IGF-1 and IGFBP-3 have a beneficial effect on bone 
acquisition in young and adult athletes [5,39]. Links between phys-
ical activity and IGF-1 and IGFBP-3 secretion were observed in young 
adult women; gymnasts who practise a high-impact sport have 
higher IGF-I values and IGF-I/IGFBP-3 than runners and controls [44]. 
The plasma IGF-1 and IGFBP-3 increased after endurance exercise 
[33] and intensified training [34]. At early puberty, soccer practice 
induces an increase in the rate of secretion of GH, IGF-1 and IGFBP-3 
[38]. Contrary to the role played by GH, IGF-1 and IGFBP-3, cortisol 
with catabolic characteristics also deserves attention. It has important 
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metabolic functions such as influencing the metabolism of glucose, 
proteins and lipids. [20]. Cortisol, the main glucocorticoid form in 
humans, is a catabolic hormone secreted from the adrenal cortex in 
response to physical and psychological stress. It plays important 
roles during and after acute exercise [13], including taking part in 
gluconeogenesis and accelerating the mobilization and use of fats to 
produce energy. While an elevated rate of the cortisol level may lead 
to the exhaustion of the athlete [46].
In fact, there is a divergence in results obtained in studies involving 
cortisol. Some investigations that used strength training among older 
adults showed a reduction in its levels [24], but others found no chang-
es [23,43]. However, in young athletes, some investigations have dem-
onstrated that intensive physical training stimulates cortisol secretion, 
and increases its basal rate [19], but others showed no variation [18].
In prepubescent girls, too intense exercise can cause hormonal 
disturbances clearly seen in a decrease in the IGF-1 and IGFBP-3 
levels, responsible for delayed puberty [19], followed by a postponed 
acquisition of bone mass, despite the effect of osteogenic exercise [10]. 
To our knowledge, this hormonal disturbance has never been found 
in boys. Causing no hormonal troubles, an optimal intensity exercise 
allows the most appropriate response to stress. Volleyball is a highly 
osteogenic sport in adolescents and adults, particularly in weight-
bearing bones [2,11,42]. It combines anaerobic phases of intense 
activity (sprints) and multiple impacts (jumping), and involves frequent 
bouts of intense activities such as jumping, diving, and lateral move-
ment, and these activities are coupled with short rest periods. 
Many investigations have aimed to study the effect of different 
levels of physical training on bone modelling and hormone param-
eters (GH, IGF-1, IGFBP-3, and cortisol) among pubescent and adult 
athletes. This is the first study to investigate the influence of different 
levels of volleyball practice on hormonal balance and its effects on 
bone turnover markers in the growing skeleton among prepubescent 
volleyball players. We therefore hypothesized that hormones in rela-
tion to volleyball activity generate a positive osteogenic effect in bone 
turnover markers during pre-puberty.
MATERIALS AND METHODS 
Subjects. One hundred and thirty Tunisian boys were recruited from 
several schools and Tunisian volleyball clubs, all resident in the city 
of Sousse. All subjects, whose ages ranged from 10 to 12, were di-
vided into three groups. 80 were volleyball players in 2 local clubs 
for at least 18 months in addition to physical education at school; 
40, whose ages ranged from 10.9 to 12.1, and who completed   
6 to 8 hours of training plus one competitive game per week, consti-
tuted the high-level training group (HLG); and 40, whose ages ranged 
from 10.5 to 11.9, and who completed 3 to 5 hours of training plus 
one competitive game per week, constituted the low-level training 
group (LLG). The other 50 subjects, whose ages ranged from 11.1 
to 11.5, were assigned to the control group (C). They participated 
only in the compulsory physical education curriculum at school (two 
weekly sessions of 50 min each).
In general, training volleyball sessions lasted 1 h 30 min, includ-
ing about 15-20 min of warm up, low-intensity games and stretch-
ing exercises, 15-25 min of technical volleyball exercises (passing 
actions, smashing, blocking, and running with fast accelerations), 
20-30 min of match practice, and 10 min of active recovery.
Each boy having a chronic disease that might affect either the 
physical exercise or bone metabolism was automatically excluded 
from this study. The study was approved by the Independent Ethics 
Committee of Farhat Hached Tunisian Hospital, and written informed 
consent was obtained from both parents of each participant.
Anthropometric measurements
Height and weight were measured in light indoor clothing without 
shoes. Height was measured to the nearest 0.01 m using a wall 
stadiometer weight was measured to the nearest 0.1 kg using   
a balance. 
Calcium intake
Calcium intakes of each subject were measured by the method of 
recording food for three consecutive days. At each meal the patient 
mentioned what he had eaten, then with the program Bilnut, SCDA 
Nutrisoft (Cerelles, France) we calculated the amount of calcium 
consumed per day, expressed in mg · day
-1.
Parameters of physical activity
 
· VO2 max
The fitness level of children was evaluated by indirect calculation of 
the maximal oxygen uptake ( 
· VO2max) through the 20-m shuttle run 
test as devised by Luc Léger. Subjects were required to run back 
and forth on a 20-m course and be on the 20-m line at the same 
time that a beep is emitted from a tape. The frequency of the sound 
signals increases in such a way that running speed starts at   
8.5 km · h
-1 and is increased by 0.5 km · h
-1 each minute. The length 
of time the subjects were able to run was recorded to calculate   
the  
· VO2max [31]. 
Basal physical activity level
Bratteby’s questionnaire estimated the level of daily physical activi-
ties during a typical day, without volleyball training. The level of 
physical activity (PAL) was calculated by the following formula: 
PAL=TEE / BMR (PAL= physical activity level; TEE= total energy 
expended; BMR= basal metabolic rate) [8]. 
Peak power of lower limbs 
We measured the peak power of lower limbs (squat jump [SJ], 
counter movement jump [CMJ] and horizontal jump [HJ] by using 
the sergeant test [1].
Pubertal status
Tanner pubertal status was determined by serum rates of follicle 
stimulating hormone (FSH), luteinising hormone (LH), and testos-  
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TABLE 2. PHYSICAL CHARACTERISTICS OF THE STUDY SUBJECTS
terone [25] and confirmed by a clinical method of recognized valid-
ity and reliability [15].
Only children with testosterone < 0.6 (mUI · ml
-1), FSH < 4.6 
(mUI · ml
-1) and LH < 4.8 (mUI · ml
-1), corresponding to Tanner’s 
stage I, were considered as prepubescent.
Biochemistry 
For each participant, blood samples of 18 cc were conducted between 
8 am and 9:30 am and withdrawn following overnight fasting. Im-
mediately, the serum was centrifuged (2100 g for 10 min), then it 
was isolated and frozen at -80°C.
We measured serum concentration of the hormone gonadotropins 
(FSH, LH and testosterone), growth hormone (GH), insulin-like growth 
factor 1 (IGF-1) and carrier protein 3 (IGFBP-3), cortisol, markers 
of bone formation (osteocalcin [OC], and bone alkaline phospha-
tase [BAP], and a marker of bone resorption (CTX). 
Serum FSH, LH, GH, IGF-1 and IGFBP-3 levels were measured 
in one laboratory by immunoradiometric assay (IRMA) using a com-
mercial kit (IRMA STH IMMUNOTECH FRANCE). The intra-assay 
coefficients of variation (CVs) were <5% and the inter-assay CVs 
were <10%. The levels of testosterone and cortisol were measured 
by radioimmunoassay (RIA) method (RADIOIMMUNOASSAY kit, 
IMMUNOTECH France). The intra-assay coefficients of variation (CVs) 
were <4% and the inter-assay CVs were <10%. The measurement 
of serum cortisol levels was performed by RIA using commercially 
available kits; the intra-assay coefficient of variation was <9.2% and 
the inter-assay coefficient of variation was 3.4%.
For the markers of bone formation, serum OC was measured by 
N-MID Osteocalcin ELISA; inter and intra-assay CVs were 12.6% 
and 3.9%, respectively. Serum BAP was determined by the immu-
noenzymetric test Ostase BAP ELISA; inter and intra-assay CVs were 
13.1% and 7.6%, respectively. Finally, CTX (a marker of bone resorp-
tion) was measured by the Serum CrossLaps One Step ELISA (Nor-
dic Bioscience, Herlev, Denmark); inter and intra-assay CVs are <8%.
Statistical analysis 
Anthropometry, age, dietary calcium intake, hormonal and physical 
activity data were analysed by one-way analysis of variance (ANOVA) 
followed by Fisher’s LSD post hoc test between HLG, LLG and C. 
The analyses of covariance (ANCOVA) entering weight, height and 
gonadotropin hormones (FSH) as covariates were performed to 
evaluate differences in hormonal and biochemical markers among 
HLG, LLG and C. Data were expressed as means ± SD and differ-
ences were considered significant at the 0.05 level. The Statistica 
software (StatSoft, version 6.0, 2001, France) was used for all 
analyses.
RESULTS 
Anthropometric variables. The average age, height, weight, lean 
mass, calcium intake and pubertal status data are summarized in 
Table 1. At the time of measurement all children remained prepu-
bescent. No age or dietary calcium intake differences were observed 
among the three groups, but the HLG group was heavier and taller 
than the LLG and control groups (p <0.001). 
TABLE 1. CHARACTERISTICS OF STUDY SUBJECTS: ANTHROPOMETRY, AGE, CALCIUM INTAKE, AND PUBERTAL STATUS
HLG LLG Control(C) Comparison between  groups
N = 40 N = 40 N = 50 a b c
Age (year) 11.5 ± 0.6 11.2 ± 0.7 11.3 ± 0.2 ns ns ns
Height (m) 1.51 ± 0.06 1.45 ± 0.04 1.43 ± 0.05 a*** b*** ns
Weight (kg) 40.1 ± 6.3 35.5 ± 4.6 33.2 ± 2.8 ns b*** c***
BMI 17.75 ± 2.22 16.96 ± 1.99 16.13 ± 1.26 ns b*** ns
Calcium intake/d (mg) 712.52 ± 82.75 710.10 ± 117.87 716.88 ± 85.05 ns ns ns
FSH (mUI · ml
-1) 3.84 ± 0.93 4.07 ± 0.82 3.27 ± 1.11 ns b** c***
LH (mUI · ml
-1) 2.13 ± 0.40 2.07 ± 0.58 2.01 ± 0.48 ns ns ns
Testosterone (mUI · ml
-1) 0.26 ± 0.16 0.25 ± 0.18 0.20 ± 0.15 ns ns ns
Note: Data are presented as mean ± standard deviation, a: comparison between HLG and LLG, b: comparison between HLG and C, c: comparison 
between LLG and C, *: p <0.05, **: p <0.01, ***: p <0.001, ns: not significant
HLG LLG Control(C) Comparison between  groups
N = 40 N = 40 N = 50 a b c
PAL 35.94 ± 2.76 36.41 ± 2.93 37.02 ± 2.67 ns ns ns
· VO2max (ml · Kg
-1 · min
-1) 50.81 ± 3.55 49.68 ± 2.98 47.65 ± 2.8 ns b*** c*
HJ (cm) 166.64 ± 16.05 146.14 ± 6.93 137.54 ± 10.83 a*** b*** ns
SJ (cm) 26.74 ± 5.85 23.41 ± 5.36 20.19 ± 5.44 a** b*** c*
CMJ (cm) 30.34 ± 5.78 26.05 ± 5.13 22.42 ± 4.72 a*** b*** c***
Note: Data are presented as mean ± standard deviation, a: comparison between HLG and LLG, b: comparison between HLG and C, c: comparison 
between LLG and C, *: p <0.05, **: p <0.01, ***: p <0.001, ns: not significant  
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No significant differences in LH and testosterone levels were found 
among the three groups, but a significantly higher FSH was observed 
in the training groups compared to the control group. Individual 
biochemical markers and hormone results were therefore adjusted 
for FSH, height and weight.
Physical fitness 
Physical fitness data are summarized in Table 2. No significant dif-
ference in the basal physical activity was found among the three 
groups. However, volleyball player groups had higher  
· VO2max, SJ, 
and CMJ than controls. Nevertheless, there were no differences in 
HJ between LLG and controls. However, for volleyball groups,   
the HLG had a higher HJ, SJ, and CMJ than LLG. But there were no 
differences in  
· VO2max between HLG and LLG.
Biochemical data
Figure 1 shows a comparison of bone turnover markers among   
the three groups. No difference in CTX was observed among them. 
However, the HLG presented higher levels of bone formation markers 
(OC, BAP) compared to controls. Hormonal concentrations are sum-
marized in Figure 2. GH, IGF-1, IGFBP-3, and cortisol were higher 
in HLG than in controls.
DISCUSSION 
Volleyball training exerts positive effects on the skeleton, highlighted 
by the increase of BMC and bone area in the most used sites [2,11]. 
Indeed, we studied the effect of different levels of this practice on 
bone turnover markers, cortisol, and the growth hormone axis (GH, 
IGF-1 and IGFBP-3). The results of the present study showed that 
the HLG had a significant increase in OC, BAP , GH, IGF-1, IGFBP-3 
and cortisol compared to controls. However, CTX levels showed no 
significant intergroup difference. All participants in this study had 
different physiological and anatomical characteristics. The HLG were 
taller and heavier than the control group, so we adjusted results for 
FSH, height and weight. 
The enhanced  
· VO2max and performance obtained by horizontal 
and vertical jumps rise in parallel with the enhanced height values 
of the training frequency. Therefore, there is no significant difference 
in basal physical activity and calcium intake among groups. These 
constraints induced by physical activities lead to endocrine and para-
crine bone adaptations, which are correlated with the level of prac-
tice. Among adults, mechanical forces induced by physical exercise 
contribute to metabolic bone adaptation and this can be seen at the 
level of bone formation (BAP , OC) and resorption markers (CTX) [22]. 
Moderate physical activity practised by adults leads to an increase 
in bone formation markers (OC) [3], but among our LLG, no variations 
in bone formation markers were detected compared to controls; this 
implies that in childhood a minor physical activity level does not have 
an effect on bone formation markers. No significant difference in bone 
resorption markers was found among the three groups, whereas an 
increase in bone formation markers was clearly seen among the high 
level training group compared to controls. Few studies have investi-
gated bone turnover markers during skeletal development. However, 
these results were partially in accordance with the data presented 
by Jurimae et al., who found an increase of OC in rowers after   
6 months of highly specific training [26]. When compared to controls, 
Hetland et al., found that elite endurance runners had higher rates of 
OC [21]. As opposed to our results, some studies found no variation 
in OC and BAP generated by physical exercise [30,47], as soccer 
practice could have less impact on the skeleton, and lower intensity 
than the volleyball HLG. A decrease in bone formation markers seems 
to be associated with extreme intensity practice, as also shown by 
Bass et al., among prepubescent female gymnasts [10]. 
However, no change in the bone resorption marker CTX was 
observed among the three groups. These results confirm those re-
ported by Zouch M et al., in prepubescent soccer players [47]. 
Nevertheless, Nickols-Richardson et al., reported a decrease in bone 
resorption markers after a 6-month training period for female child 
artistic gymnasts [36]. In the present study, this decrease in CTX 
has been demonstrated in girls in contrast with boys. This may reflect 
the earlier beginning of training and the more intensive practice 
among gymnasts than volleyball players. Indeed, the strain stimulus 
provided by gymnastic training, such as the reaction force sup-
ported by the skeleton after performing acrobatic movements based 
on jumps, is more important than the impact of simple jumps in 
volleyball. 
FIG. 1. COMPARISON OF HORMONES BETWEEN THE THREE GROUPS FIG. 2. COMPARISON OF TURNOVER MARKERS BETWEEN THE THREE 
GROUPS
Note: b: comparison between HLG and C; *: p <0.05, **: p <0.01 Note: b: comparison between HLG and C; *: p <0.05
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In addition to changes in biochemical markers, the adaptations 
of the skeleton to physical activity induce hormonal modifica-
tions [32,35]. GH, IGF-1 and IGFBP-3 are anabolic hormones en-
hancing bone formation by stimulating osteoblasts and collagen 
synthesis, whose concentration level increases during normal pu-
berty [29]. These hormones act both on the process of growth and 
on bone development [29]. The elevated IGF-1 serum may explain 
the significant improvements in bone formation [48]. Most of   
the circulating IGF-I is bound with IGFBP-3. GH plays the role of   
a regulator of IGF-1 and IGFBP-3 levels in humans [7]. The secretion 
of GH, IGF-1 and IGFBP-3 is stimulated by intense practice [17, 
44,45]. The valuable effect of physical activity on hormonal improve-
ment is well documented in girls, whereas only a few follow-up 
studies have discussed this in pubescent boys [38]. However,   
the influence of volleyball practice on GH, IGF-1, IGFBP-3, and 
cortisol of prepubescent boys has never been explored to our knowl-
edge. Schwarz et al., found that, after 10 minutes of low-intensity 
exercise, at first, the rate of IGF-1 and IGFBP-3 increased over   
the pre-exercise baseline by 7.7 ± 2.7% and 12.5 ± 3.3% respec-
tively, then after 10 min of high-intensity exercise, the rate of IGF-1 
and IGFBP-3 increased over the pre-exercise baseline by 13.3 ± 
3.2% and 23 ± 6% respectively [45]. However, among adolescent 
volleyball players, after 1 hour of volleyball practice, there were no 
significant changes in IGF-I and IGFBP-3 levels and only an increase 
in GH level [18]. Our results corroborate the elevated basal concen-
tration of GH, IGF-1 and IGFBP-3 observed in HLG after 18 months 
of intensive training compared to controls. These results confirm 
those reported by Nebigh et al., who showed that, in prepubescent 
soccer boys, IGF-1 and IGFBP-3 increased more than in a control 
group [38].
Before onset of puberty, too intense practice may lead to a decrease 
in IGF-1 and IGFBP-3. Bouix et al. (1997) found a decrease of IGF-
1 and IGFBP-3 among gymnasts aged 9-15 years compared to 
controls (IGF-1 decreased by 24% and IGFBP-3 decreased by 25%). 
They attributed this decrease to the relatively low-intake energy in 
the face of increased training load and energy demands; therefore, 
gymnasts need to maintain an adequate alimentation to optimize 
development during growth [5]. Calcium supplementation promotes 
bone remodelling [37]. The HLG has a higher rate of bone markers 
and hormones than the LLG and controls, though the mean calcium 
intake (approximately 800 mg · day
-1) was lower than the official 
Institute of Medicine (IOM) recommendations (1300 mg · day
-1); this 
suggests that the optimal intensity of practice may compensate this 
lack of calcium, as there is no difference between LLG and controls 
in bone markers and hormones. 
The IGF-I and IGFBP-3 levels are likely to contribute to the un-
derstanding of height variability in a healthy population; short children 
have low IGF-I and IGFBP-3 levels, whereas tall children have high 
levels of these hormones [7]. This was verified through our prepu-
bescent HLG; they have higher IGF-I and IGFBP-3 levels and   
a taller body than the LLG and controls.
As far as cortisol is concerned, we found that volleyball HLG has 
a significantly higher basal rate than LLG and controls. The fact that 
this significant difference in basal cortisol was experienced only by 
prepubescent high-training volleyball players is evidence of the unique 
aspect of our findings that were not provided elsewhere. The level 
of this hormone can be changed by exercise, either immediately 
during it [9] or after a training period [19]. During exercise, the in-
crease in the rate of cortisol in plasma was linearly related to   
the  
· VO2max percentage attained in the exercise [31]. By contrast, 
after one hour of volleyball practice among pubescent children, no 
significant effect on cortisol was observed [18]. Eliakim’s results are 
in agreement with those reported by Duclos et al., who demon-
strated in vitro plasticity of monocyte glucocorticoid sensitivity of 
endurance trained men, with training-induced decreased glucocor-
ticoid sensitivity and acute exercise-induced return to the levels of 
the control untrained men [16]. Córdova et al., found an increase of 
post-exercise and basal cortisol levels in professional volleyball play-
ers at the end of the season compared to the beginning [13]. Such 
findings were also reported by Filaire et al., whose study indicated 
an increase of basal cortisol concentration among pubescent elite 
female artistic gymnasts [19]. These results were partially in ac-
cordance with the data presented by Cacciari et al., who found   
a significant increase in cortisol rate among 175 pubertal boys aged 
10-16 years, who played football at a competitive level, compared 
to 224 controls, but unlike our results, they found no significant 
differences in cortisol level between prepubescent football players 
and controls [14]. This difference to our HLG results was explained 
by the more intense impact of volleyball practice, with an earlier 
training compared to football. 
CONCLUSIONS 
Volleyball, which is a highly impact loading sport in adults, did not 
lead in our study to enhanced bone turnover markers and ana-
bolic hormones of bone after a low training level when compared 
to controls. Indeed, a high training level induces enhanced bone 
formation markers and basal concentration of anabolic (GH, IGF-1, 
and IGFBP-3) and catabolic (cortisol) hormones of bone metabo-
lism. Therefore, basal hormone concentrations and bone formation 
markers were directly related to the intensity and the duration of 
the training.
Acknowledgements
The authors gratefully acknowledged the volleyball players and sed-
entary boys who participated in this study with great enthusiasm. 
Financial support was obtained from the Laboratory of Physiology 
and Functional Explorations, Faculty of Medicine Sousse, and the 
Department of Rheumatology, Farhat Hached Hospital, Sousse, Tu-
nisia.
Conflicts of interest: no conflicts of interest  
       -               -               -               -               -       308
Chaari H. et al.
  1.   Anderson F.C., Pandy M.G. Storage and 
utilization of elastic strain energy during 
jumping. J. Biomech. 1993;26:1413-
1427.
  2.   Alfredson H., Nordstrom P ., Lorentzon R. 
Bone mass in female volleyball players:  
a comparison of total and regional bone 
mass in female volleyball players and 
nonactive females. Calcif. Tissue Int. 
1997;60:338-342.
  3.   Adami S., Gatti D., Viapiana O., Fiore C.E., 
Nuti R., Luisetto G., Ponte M., Rossini M. 
Physical activity and bone turnover 
markers: a cross-sectional and a 
longitudinal study. Calcif. Tissue Int. 
2008;83:388-392.
  4.   Andreoli A., Melchiorri G., Brozzi M.,  
Di Marco A., Volpe S.L., Garofano P .,  
Di Daniele N., De Lorenzo A. Effect of 
different sports on body cell mass in 
highly trained athletes. Acta Diabetol. 
2003;40(Suppl.1):122-125.
  5.   Bouix O., Brun J.F., Fédou C. et al. 
Exploration de gymnastes adolescents de 
classe sportive : quel suivi médical pour 
la croissance et la puberté? Sci. Sport 
1997;12:51-65.
  6.   Banfi G., Lombardi G., Colombini A., 
Lippi G. Bone metabolism markers in 
sports medicine. Sports Med. 
2010;40:697-714.
  7.   Blum W.F., Albertsson-Wikland K., 
Rosberg S., Ranke M.B. Serum levels of 
insulin-like growth factor I (IGF-I) and 
IGF binding protein 3 reflect spontaneous 
growth hormone secretion. J. Clin. 
Endocrinol. Metab. 1993;76:1610-
1616.
  8.   Bratteby L.E., Sandhagen B., Fan H., 
Samuelson G. A 7-day activity diary for 
assessment of daily energy expenditure 
validated by the doubly labelled water 
method in adolescents. Eur. J. Clin. Nutr. 
1997;51:585-591.
  9.   Bouassida A., Zaouali M., Latiri I.,  
Zelleg D., Ben Mdella S., Richalet J.P ., 
Tabka Z. Cinétique du cortisol et de 
l’hormone de croissance plasmatiques 
lors de deux épreuves sous-maximales 
avec et sans récupération Acute hormone 
responses to sub-maximal exercise with 
and without recovery period. Sci. Sports 
2003;18:20-22.
10.   Bass S., Pearce G., Bradney M., 
Hendrich E., Delmas P .D., Harding A., 
Seeman E. Exercise before puberty may 
confer residual benefits in bone density in 
adulthood: studies in active prepubertal 
and retired female gymnasts. J. Bone 
Miner. Res. 1998;13:500-507.
11.   Calbet J.A., Diaz Herrera P ., Rodriguez L.P . 
High bone mineral density in male elite 
professional volleyball players. 
Osteoporos. Int. 1999;10:468-474.
12.   Christoforidis A., Maniadaki I.,  
Stanhope R. Growth hormone / 
insulin-like growth factor-1 axis during 
puberty. Pediatr. Endocrinol. Rev. 
2005;3:5-10.
13.   Córdova A., Sureda A., Tur J.A., Pons A. 
Immune response to exercise in elite 
sportsmen during the competitive 
season. J. Physiol. Biochem. 
2010;66:1-6.
14.   Cacciari E., Mazzanti L., Tassinari D., 
Bergamaschi R., Magnani C.,  
Zappulla F., Nanni G., Cobianchi C., 
Ghini T., Pini R. et al. Effects of sport 
(football) on growth: auxological, 
anthropometric and hormonal aspects. 
Eur. J. Appl. Physiol. 1990;61:149-
158.
15.   Duke P .M., Litt I.F., Gross R.T. 
Adolescents’ self assessment of sexual 
maturation. Pediatrics 1980;6:918-920.
16.   Duclos M., Minkhar M., Sarrieau A., 
Bonnemaison D., Manier G., Mormede P . 
Reversibility of endurance training-
induced changes on glucocorticoid 
sensitivity of monocytes by an acute 
exercise. Clin. Endocrinol. 
1999;51:749-756.
17.   Eliakim A., Scheett T.P ., Newcomb R., 
Mohan S., Cooper D.M. Fitness, training, 
and the growth hormone-->insulin-like 
growth factor I axis in prepubertal girls. 
J. Clin. Endocrinol. Metab. 
2001;86:2797-2802.
18.   Eliakim A., Portal S., Zadik Z., 
Rabinowitz J., Adler-Portal D.,  
Cooper D.M., Zaldivar F., Nemet D. The 
effect of a volleyball practice on anabolic 
hormones and inflammatory markers in 
elite male and female adolescent players. 
J. Strength Cond. Res. 2009;23:1553-
1559.
19.   Filaire E., Jouanel P ., Colombier M., 
Begue R.J., Lac G. Effects of 16 weeks of 
training prior to a major competition on 
hormonal and biochemical parameters in 
young elite gymnasts. J. Pediatr. 
Endocrinol. Metab. 2003;16:741-750.
20.   França S.C.A., Barros Neto T.L.,  
Agresta M.C., Lotufo R.F.M., Kater C.E. 
Resposta divergente da testosterona e do 
cortisol se´ ricos em atletas masculinos 
apo´ s uma corrida de maratona. Arq. 
Bras. Endocrinol. Metab. 
2006;50:1082-1087.
21.   Hetland M.L., Haarbo J., Christiansen C. 
Low bone mass and high bone turnover 
in male long distance runners. J. Clin. 
Endocrinol. Metab. 1993;77:770-775.
22.   Hu M., Finni T., Xu L., Zou L., Cheng S. 
Effects of resistance training on 
biomarkers of bone formation and 
association with red blood cell variables. 
J. Physiol. Biochem. 2011;67:351-358.
23.   Ibaňez J., Gorostiaga E.M., Alonso A.M., 
Forga L., Argqelles I., Larrion J.L., 
Izquierdo M. Lower muscle strength 
gains in older men with type 2 diabetes 
after resistance training. J. Diabet. 
Complications 2008;22:112-118.
24.   Isquierdo M., Ibanez J., Gonzalez- 
Badillo J.J., Hakkinen K., Ratamess 
N.A., Kraemer W.J., French D.N., Eslava 
J., Altadill A., Asiain X., Gorostiaga E.M. 
Differential effects of strength training 
leading to failure versus not to failure on 
hormonal responses, strength, and 
muscle power gains. J. Appl. Physiol. 
2006;100:1647-1656.
25.   Jaakkola T., Ding Y.Q., Kellokumpu-
Lehtinen P . et al. The ratios of serum 
bioactive/immunoreactive luteinizing 
hormone and follicle-stimulating 
hormone in various clinical conditions 
with increased and decreased 
gonadotropin secretion: re-evaluation by 
a highly sensitive immunometric assay.  
J. Clin. Endocrinol. Metab. 
1990;70:1496-1505.
26.   Jurimae J., Purge P ., Jurimae T., 
Duvillard S.P . Bone metabolism in elite 
male rowers: adaptation to volume-
extended training. Eur. J. Appl. Physiol. 
2006;97:127-132.
27.   Kjaer M. Role of extracellular matrix in 
adaptation of tendon and skeletal muscle 
to mechanical loading. Physiol. Rev. 
2004;84:649-698.
28.   Kalai E., Bahlous A., Nbigh A., Sahli H., 
Sellami S., Abdelmoula J. Effect of 
physical activity on bone turnover in 
young boys. Ann. Biol. Clin. (Paris) 
2007;65:519-524.
29.   Kawai N., Kanzaki S., Takano-Watou S., 
Tada C., Yamanaka Y., Miyata T., Oka M., 
Seino Y. Serum free insulin-like growth 
factor I (IGF-I), total IGF-I, and 
IGF-binding protein-3 concentrations in 
normal children and children with growth 
hormone deficiency. J. Clin. Endocrinol. 
Metab. 1999;84:82-89.
30.   Lehtonen-Veromaa M., Mottonen T., 
Irjala K., Nuotio I., Leino A., Viikari J. A 
1-year prospective study on the 
relationship between physical activity, 
markers of bone metabolism, and bone 
acquisition in peripubertal girls. J. Clin. 
Endocrinol. Metab. 2000;85:3726-
3732.
31.   Leger L.A., Mercier D., Gadoury C., 
Lambert J. The multistage 20 metre 
shuttle run test for aerobic fitness.  
J. Sports Sci. 1988;6:93-101.
32.   Maimoun L., Sultan C. Effects of physical 
activity on bone remodeling. Metabolism 
2011;60:373-388.
33.   Manetta J., Brun J.F., Fèdou C., 
Maimoun L., Prefaut C., Mercier J. 
Serum levels of insulin-like growth 
factor-I (IGF-I), and IGF-binding 
proteins-1 and -3 in middle-aged and 
young athletes versus sedentary men: 
relationship with glucose disposal. 
Metabolism 2003;52:821-826.
34.   Manetta J., Brun J.F., Maimoun L., 
Fèdou C., Prefaut C., Mercier J. The 
effects of intensive training on insulin-like 
REFERENCES  
 
       -               -               -               -               -       Biology of Sport, Vol. 29 No4, 2012   309
A high level of volleyball practice enhances bone formation markers and hormones in prepubescent boys
growth factor I (IGF-I) and IGF binding 
proteins 1 and 3 in competitive cyclists: 
relationships with glucose disposal. J. 
Sports Sci. 2003;21:147-154.
35.   Maimoun L., Lumbroso S., Manetta J., 
Paris F., Leroux J.L., Sultan C. 
Testosterone is significantly reduced in 
endurance athletes without impact on 
bone mineral density. Horm. Res. 
2003;59:285-292.
36.   Nickols-Richardson S.M., O’Connor P .J., 
Shapses S.A., Lewis R.D. Longitudinal 
bone mineral density changes in female 
child artistic gymnasts. J. Bone Miner. 
Res. 1999;14:994-1002.
37.   Nkansah N., Nguyen T., Iraninezhad H., 
Bero L. Randomized trials assessing 
calcium supplementation in healthy 
children: relationship between industry 
sponsorship and study outcomes. Public 
Health Nutr. 2009;12:1931-1937.
38.   Nebigh A., Rebai H., Elloumi M., 
Bahlous A., Zouch M., Zaouali M., 
Alexandre C., Sellami S., Tabka Z. Bone 
mineral density of young boy soccer 
players at different pubertal stages: 
relationships with hormonal 
concentration. Joint Bone Spine 
2009;76:63-69.
39.   Poehlman E, Copelant K. Influence of 
physical activity on insulin-like growth 
factor-1 in healthy younger and older 
men. J. Clin. Endocrinol. Metab. 
1990;71:1468-1473.
40.   Platen P ., Chae E., Antz R., Lehmann R., 
Kühlmorgen J., Allolio B. Bone mineral 
density in top level male athletes of 
different sports. Eur. J. Sport Sci. 
2001;1:1-15.
41.   Remer T., Boye K.R., Hartmann M. 
Adrenarche and bone modeling and 
remodeling at the proximal radius: weak 
androgens make stronger cortical bone in 
healthy children. J. Bone Miner. Res. 
2003;18:1539-1546.
42.   Rantalainen T., Linnamo V., Komi P .V., 
Selanne H., Heinonen A. Seventy-year-
old habitual volleyball players have larger 
tibial cross-sectional area and may be 
differentiated from their age-matched 
peers by the osteogenic index in dynamic 
performance. Eur. J. Appl. Physiol. 
2010;109:651-658.
43.   Starkweather A.R. The effects of exercise 
on perceived stress and IL-6 levels 
among older adults. Biol. Res. Nurs. 
2007;8:186-194.
44.   Snow C.M., Rosen C.J., Robinson T.L. 
Serum IGF-I is higher in gymnasts than 
runners and predicts bone and lean 
mass. Med. Sci. Sports Exerc. 
2000;32:1902-1907.
45.   Schwarz A.J., Brasel J.A., Hintz R.L., 
Mohan S., Cooper D.M. Acute effect of 
brief low- and high-intensity exercise on 
circulating insulin-like growth factor (IGF) 
I, II, and IGF-binding protein-3 and its 
proteolysis in young healthy men. J. Clin. 
Endocrinol. Metab. 1996;81:3492-
3497.
46.   Tabata I., Ogita F., Miyachi M., 
Shibayama H. Effect of low blood glucose 
on plasma CRF, ACTH, and cortisol 
during prolonged physical exercise. J. 
Appl. Physiol. 1991;71:1807-1812.
47.   Zouch M., Jaffre C., Thomas T., Frere D., 
Courteix D., Vico L., Alexandre C. 
Long-term soccer practice increases bone 
mineral content gain in prepubescent 
boys. Joint Bone Spine 2008;75:41-49.
48.   Zhao G., Monier-Faugere M.C., Langub 
M.C., Geng Z., Nakayama T., Pike J.W., 
Chernausek S.D., Rosen C.J.,  
Donahue L.R., Malluche H.H., Fagin J.A., 
Clemens T.L. Targeted overexpression of 
insulin-like growth factor I to osteoblasts 
of transgenic mice: increased trabecular 
bone volume without increased 
osteoblast proliferation. Endocrinology 
2000;141:2674-2682.
 
       -               -               -               -               -       